Abstract Effects of stellar rotation on adiabatic oscillation frequencies of pressure modes are discussed. Methods to evaluate them are briefly exposed and some of their main results are presented.
Introduction
Many pulsating stars oscillate with pressure (or p-) normal modes for which pressure gradient is the main restoring force. A nonrotating consequently, frequencies of its free vibrational modes are 2 + 1 degenerated when using a description by means of spherical harmonics, Y m ( the degree, m the azimuthal indice) for the angular dependence of the variations. However, stars are rotating and their rotation affects their oscillation frequencies. This is an advantage since rotation breaks the spherical symmetry of the star; as a consequence, the 2 + 1 degeneracy is lifted and gives access to information about the internal rotation. The information is relatively easy to extract if the star rotates slowly, provided observations are of high quality enough that they enable to achieve the necessary high accuracy of frequency measurements. On the other hand, when the star is rotating fast, one must properly take into account the consequences of the spheroidal shape of the star on the oscillation frequencies before extracting seismological information on the internal structure or the rotation profile of the star. Three methods have been used to investigate the effect of rotation on oscillation frequencies of stellar pressure modes: a variational principle, perturbation techniques and direct numerical integration of a 2D eigenvalue system. We briefly describe the three methods and their main results. All these methods assume the knowledge of the structure of the distorted star, which is obtained either by perturbation or by 2D calculations. This is also sketched when appropriate.
This lecture is primarily addressed to PhD students who possess some basic background in stellar seismology but wish to learn some details of how to handle the impacts of the rotation on the oscillation frequencies of a star. The present lecture cannot be exhaustive neither in the credit to authors nor to the numerous effects of rotation on stellar pulsation. Indeed, due to the importance of stellar rotation in a more general astrophysical context, a tremendous amount of work has been performed on stellar rotation and its interaction with stellar oscillations during the 1940s-1950s. For more details, we refer the reader to standard textbooks such as Ledoux and Walraven [83] The organization of this contribution is as follows: as a start, some definitions and orders of magnitude are given in Sect. 2. Section 3 introduces the basic background in deriving the wave equation and eigenvalue problem modelling the adiabatic pulsations of a rotating star. Section 4 discusses the existence and consequence of a variational principle for rotating stars. Sections 5 and 6, respectively, concern calculation of the oscillation frequencies of slowly and moderately rotating stars by means of perturbation methods. Section 7 then turns to fast-rotating stars and the computation of their oscillation frequencies with nonperturbative techniques. Some comparisons of the results of perturbative and nonpertubative methods and comments on the range of validity of the first ones are given in the case of polytropic models. Section 8 briefly discusses observations of real stars and forward inferences on stellar internal rotation so far derived. Section 9 turns to inverse methods specifically applied to obtain the internal rotation profile. Finally results of inversions for the rotation profiles of some stars are presented in Sect. 9. To keep up with the allowed number of pages, the choice has been to show almost no figures and rather to refer in the text to plots in the literature. Some illustrations of the consequences of rotation on pulsations of stars can also be found in Goupil et al. [65] .
Definitions and Orders of Magnitude
We will denote ω (0) n, the pulsation of an oscillation mode with radial order n and degree for a nonrotating star and ν
n, /2π the associated frequency in Hz. For a symmetric star of radius R and mass M and for any given eigenfrequency ω, we define the dimensionless frequency, σ:
Consider now a star which rotates with a rotational period P rot . We denote Ω = 2π/P rot , its angular rotational velocity. One also defines the equatorial velocity v eq = R eq Ω where R eq is the equatorial stellar radius; this is the velocity of the fluid at the equatorial level generated by rotation. One also uses the projected velocity v sin i where i is the angle between the line of sight and the rotation axis.
